Introduction
Although stress concentration in vicinity of regularly located circular openings under axial tension is well researched [1] , in this work the problem was investigated in aspect of transverse bending of cellular beam, when simultaneous action of shear force and bending moment take place and pure bending.
For today the main shapes of perforations are hexagonal and circular openings, which are produced on unwaste technology. Comparison of strength of such beams for choice of optimal design solution is possible in first turn with estimation of their stress state. In spite of numerous works dedicated to estimation of stress level in perforated beams as foreign [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , so and Russian [15, 16] authors, there is no analytical expression for evaluation of stresses in zones of concentration. In all works the analysis of stress state is performing on base of calculation by finite element method, sometimes accompanied with experiments. More often in them there are only numerical values and colored fields of stress distribution. To generalize such results or use them for predicting of stress level in designed beam is rather difficult.
In the work it was obtained the analytical expression for maximum equivalent stresses on Mises in beams with circular openings. These beams are distinguished with wide spectrum of sizes (Fig. 1 ), but in this work it was changed only one parameter of perforation -relative width of web-posts. The relative depth of openings was remained unchangeable and equal to ξ=0.667. It was also investigated influence of web thickness on the stress level.
Investigation of stress distribution in cellular beams with circular openings was made under two kinds of loading:
-under transverse bending when shear force at any section is constant and flexure moment is changing on lineal law; -under pure bending, when shear force is absent. Stress concentration was evaluated under pure bending.
Theoretical approach
Before to come to estimation of the stress level it was solved task of determination of equivalent stresses in vicinity of opening under transverse bending. It was considered simply supported beam, performed from plate elements and loaded with concentrated force in mid-span. Such loading produce deformation of transverse bending under constant shear force. (Fig. 2) . For denomination of the beam dimensions in work it was used next abbreviated form of writing: 
The value of stress concentration factor   can be calculated on relation:
where TT max  is maximum stress in flange of beam with solid web, determined on technical theory of flexure as: can be represented as sum of two terms:
where V  and М  are numerical coefficients, determined from FEM calculations.
Magnitude of flexure moment Мx for n-th opening can be written as:
where s is step of openings; n is ordinal number of opening, in vicinity of which the equivalent stresses eqv max  are determining.
In common case the step of openings can be determined as:
Taking into account that 
Substitution of Eq. (4), Eq. (6) and Eq. (8) Table 1 the total number of openings in considered beam is indicated. For constant length of beam the value N will be different because of different width of web-posts.
For convenience of analysis the numerical data obtained by FEM near the contours of openings were joined in Table 1 , in which values of stresses eqv max  , calculated by Eq. (9) are also shown. 
Divergence in values eqv max  , calculated by Eq. (10) and by FEM (Fig. 4, a) , is 0.2%, and for 29 th opening it will be on Eq. (9) 9 . 84 max  eqv  MPa and by FEM 85.1МPа (Fig. 4, a) . Divergence is not changed. 
In this case divergence is 2.7%. For some other variants error of approximation with Eq. (9) can be bigger, but in average it describes quite well the stress state of cellular beams with circular openings. Now it will be considered diapason of application of obtained Eq. (9). In Fig. 5 it is shown results of calculation of stresses of the same beam, that in Fig. 4 , a but for openings with numbers n=1-8. Divergence in results obtained by FEM and by Eq. (9), near the 6th opening is 2.1%, near the 7th is 0.9%, and near the 8 th is only 0.4%. But for the 4th opening the difference is exceeding already 10.9% (Table 1 ) and for openings 1-2-3 the divergence is still bigger.
Such big difference in values of stresses is connected with increasing role of shear force near the support because near the first opening influence of shear force is dominant due to small value of flexure moment which is near zero. From here it can be concluded (Fig. 6 ) the obtained Eq. (9) It is need to note the influence of shear force on value of equivalent stresses is not big, so far as maximum shear stresses from V appear near the neutral axis of beam, and maximum normal stresses from moment M take place in low part of openings. Only in vicinity of ended openings where flexure moment is small equivalent stresses eqv max  reach essential value because of the shear force action (Fig. 5) .
Similar calculations performed for beams of the same dimensions and parameters of perforation that in previous case but with thickness of web Table 2 . As it can be seen from Table 2 (Fig. 8, a) according to Eq. (2) the stress concentration factor will be equal to (Fig. 8, b) (Fig. 8, c) From here it can be concluded that in cellular beams with circular openings under pure bending SCF is almost proportional to relative width of web-posts. 
Conclusions

